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ARTICLE INFO ABSTRACT

Keywords: Background: COVID-19 disease is caused by SARS-CoV-2 which can trigger acute respiratory syndrome, which
SARS-COV2 presents with dense alveolar and interstitial infiltrates and pulmonary edema, causing severe hypoxemia and
Photobiomodulation

Near-infrared LED
Cardiopulmonary functions

Hemogram pulmonary inflammation.

significant alteration to pulmonary mechanics with reduced pulmonary compliance. The photobiomodulation
technique alters cellular and molecular metabolism, showing promising results regarding the reduction of acute

Objective: To compare the photomodulation technique using near-infrared LED to conventional respiratory
physiotherapy treatment in patients with COVID-19 in reversing acute conditions, reducing hospitalization time,

and decreasing the need for oxygen therapy.

Methodology: The cohort was comprised of 30 patients undergoing COVID-19 treatment who were divided and
allocated into two equal groups randomly: the LED group (LED), treated with infrared LED at 940 nm and
conventional therapy, and the control group (CON), who received conventional treatment (antibiotic therapy for
preventing superimposed bacterial infections, and physiotherapy) with LED irradiation off. Phototherapy used a
vest with an array of 300 LEDs (940 nm) mounted on a 36 cm x 58 cm area and positioned in the patient's
anterior thoracic and abdominal regions. The total power was 6 W, with 15 min irradiation time. Cardiopul-
monary functions and blood count were monitored before and after treatment. The patients were treated daily
for 7 days. Statistical analysis was conducted using a two-tailed unpaired Student's t-test at a significance level of

o = 0.05.

Results: Post-treatment, the LED group showed a reduction in hospital discharge time and a statistically signif-
icant improvement for the following cardiopulmonary functions: Partial Oxygen Saturation, Tidal Volume,
Maximum Inspiratory, and Expiratory Pressures, Respiratory Frequency, Heart Rate, and Systolic Blood Pressure
(p < 0.05). Regarding blood count, it was observed that post-treatment, the LED group presented with significant

differences in the count of leukocytes, neutrophils, and lymphocytes.

Conclusion: Photobiomodulation therapy can be used as a complement to conventional treatment of COVID-19,
promoting the improvement of cardiopulmonary functions, and minimization of respiratory symptoms.

1. Introduction are associated with acute respiratory distress syndrome (ARDS) and
cytokine storm. Patients hospitalized with COVID-19 are classified as

Coronavirus disease 2019 (COVID-19) is caused by the severe acute severe if they require admission to the intensive care unit (ICU) [1,2].
respiratory syndrome coronavirus 2 (SARS-CoV-2), which promotes The structure of the SARS-CoV-2 virus is represented by the envelope
dyspnea, pulmonary edema, and pneumonia. Morbidity and mortality protein, protein E, hemagglutinin-esterase, protein M, protein S (spike),
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and protein N. The functions performed by the S and N proteins are
crucial in the pathogenesis of COVID-19. The S protein is anchored to
ACE2 receptors (angiotensin-converter enzyme 2) for subsequent entry
into the respiratory epithelial cell pneumocytes. The N protein, in
addition to being responsible for viral replication, is largely produced
during infection, and constitutes the main cause of the virus's high
immunogenicity [3].

Infected patients present different symptoms lasting on average be-
tween 5 and 8 days, depending on the severity of the disease [4]. The
mean time between the onset of symptoms and hospitalization ranges
from 2 to 8 days, and the need for invasive mechanical ventilation (IMV)
was 11 days, with 23.7 days on average until death (88% of cases) [5].

Acute respiratory syndrome is characterized by diffuse alveolar
damage and by the development of noncardiogenic pulmonary edema,
due to the increased permeability of the pulmonary alveolo-capillary
membrane. Its clinical expression is hypoxemic respiratory failure and
bilateral pulmonary infiltrate. Dependent pulmonary areas present
dense alveolar and interstitial inflammatory infiltrate, edema, cellular
debris, atelectasis, and consolidation, while non-dependent areas are
relatively unaffected. It causes severe hypoxemia and accented alter-
ation of pulmonary mechanics with a significant reduction of pulmonary
compliance [6]. Recent studies of the action mechanism of the virus
have shown that it causes a systemic infection that significantly affects
the hematopoietic system and hemostasis [7,8].

In Brazil, medication protocols are following other health in-
stitutions across the world, using hydroxychloroquine [9] with a com-
bination of antibiotics, such asteicoplanin [10] or azithromycin [11],
used for preventing secondary infections that are present in many cases
(such as sepsis). Nevertheless, the side effects of such medication are still
under discussion in the literature. Patients who progress to dyspnea and
respiratory discomfort require hospitalization and oxygen therapy ac-
cording to advice from the World Health Organization (WHO) [12].

The use of light radiation in the red/infrared region is a noninvasive
therapeutic intervention for the treatment of numerous lung diseases.
Several studies in animal models, as well as in humans, demonstrate the
effects of photobiomodulation using low-intensity lasers and LEDs in
wound therapy, reducing the infectious and inflammatory processes,
decreasing edema and inflammatory cells, stimulating microcirculation,
and encouraging the formation of new vessels [13,14].

The photobiomodulation technique can modify cellular and molec-
ular metabolism, signaling, reducing inflammation and release of
chemical messengers, with promising results in reducing acute pulmo-
nary inflammation, as they present significant potential for local
balancing of immune responses [15,16]. In the last few decades, pho-
tobiomodulation has been used in the treatment of community-acquired
pneumonia (CAP) with promising results regarding pulmonary inflam-
matory response and significant effects on the recovery of patients' blood
count [17].

At the appropriate dose and wavelength, light interacting with cells
and tissues can induce cellular functions such as lymphocyte stimula-
tion, mast cell activation, an increase in mitochondrial ATP production
and the proliferation of various cell types, thus promoting anti-
inflammatory effects, such as the cytokines Interleukin 10 (IL-10),
Interferon-gamma (INF-g), interleukin 1 (IL-1) and tumor necrosis factor
(TNF-a) [18,19]. Brito et al. stated that photobiomodulation may even
have an antifibrotic effect by decreasing TGFp (transforming growth
factor beta) in fibroblast cells and lung tissue [20].

The reduction in inspiratory muscle strength (PIM) is observed
because of transient changes in the mechanical properties of the chest
wall and respiratory muscles after critical illness and it is attributed to
post-intensive care syndrome, which is characterized by the presence of
physical, cognitive impairment or mental illness in patients undergoing
prolonged ICU stay, including those with COVID-19. Another possible
explanation for respiratory weakness could be the occurrence of inter-
stitial lung disease after COVID-19 [21].

Recently, several studies have analyzed the possibility of employing
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the technique of photobiomodulation in the treatment of COVID-19
based on its potential to induce local and systemic effects, signifi-
cantly decreasing pro-inflammatory cytokines, inflammatory cells, and
collagen fiber deposition in the pulmonary parenchyma, enabling the
reduction of mortality in patients [22-27].

The current scientific literature available contains few experimental
studies on the effects of photobiomodulation on COVID-19. It is
important to mention some of the pioneering articles that reported on
the use of photobiomodulation in the treatment of COVID-19, which are:
two case studies of patients with COVID-19 treated with 808 and 905 nm
pulsed laser beams reported by Sigman et al., one patient 57 years old
[28] and the other of 32 years old [29], and a preliminary study of 10
patients irradiated by pulsed lasers of 808 and 905 nm plus conventional
medical treatment [30]. A clinical study with a larger cohort of 30 pa-
tients who were treated with pulsed lasers of 808 and 663 nm combined
with a static magnetic field was investigated by de Marchi et al. [31].

In this context, aiming to improve the clinical recovery of patients,
the present study proposes verifying the performance of the photo-
biomodulation technique with low-intensity light, using near-infrared
LED, when compared to the conventional treatment of respiratory
physiotherapy in patients with COVID-19. The treatment target is the
reversal of the acute clinical condition of the COVID-19 patient by
minimizing symptoms, reducing the need for oxygen therapy, and
decreasing hospitalization time.

2. Methods
2.1. Ethical Concerns

This study was performed in line with the principles of the Decla-
ration of Helsinki and was approved by the Research Ethics Committee
of the Anhembi Morumbi University (CAAE; 36,988,320.5.0000.5492)
and registered with the Brazilian Registry of Clinical Trials (ReBEC)
under the code U1111-1261-1981 (16/11/2020). Patients signed a free
and informed consent form before the beginning of treatment.

This is a prospective, descriptive, single-blinded, randomized, and
longitudinal trial conducted in the Respiratory Syndrome Ward of Santa
Casa de Itajuba-MG.

2.2. Cohort

The cohort consisted of 30 patients admitted to the ward undergoing
treatment for COVID-19. They were selected according to the following
inclusion criteria: both sexes, aged between 50 and 80 years, with a
clinical diagnosis of COVID-19, and in respiratory physiotherapy and
medication. Exclusion criteria: patients who were from long-term in-
stitutions, overweight (Body Mass Index - BMI: above 29.9 kg/m?), aged
out of the study range, presented with neoplasms, or who have a history
of photosensitivity.

An evaluation was performed shortly after each patient's hospitali-
zation, which consisted of the acquisition of personal, sociodemo-
graphic, and clinical data (respiratory rate, heart rate, pulse oximetry,
body temperature, diastolic and systolic pressures, and auscultation).
The patient's clinical conditions were assessed daily for the seven days of
treatment and the information was registered on a patient's record card.
Positive reverse polymerase chain reaction (RT-PCR) tests, hospitaliza-
tion stay time (in days), blood count, ventilometry (tidal volume), and
respiratory muscle strength (manovacumetry) were evaluated before
and after the seven days of intervention. Treatment and clinical condi-
tion evaluation were initiated soon after hospitalization.

Clinical criteria evaluated by a specialist physical therapist were
adopted to determine the minimization of symptoms. The patients
included in the present study were not intubated, breathing spontane-
ously, or using oxygen therapy up to 3 L/minOj. The symptoms evalu-
ated were cough (presence or absence), fever, risk of dyspnea on
minimal exertion or at rest, respiratory rate > 22 breaths/min, and SpO,
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of <90% with supplemental oxygen.

2.3. Pneumonia Severity Index — PSI and Neutrophil/Lymphocyte Count
Ratio - NLCR

Pneumonia severity index score is a significant scoring system for
predicting the disease severity of patients with pulmonary infections, to
indicate the patient's hospital admission status, and mortality risk. The
PSI scoring system covers 20 variables that include demographic char-
acteristics, associated diseases, laboratory and radiological alterations,
and physical examination findings. The total score of the variables al-
lows the stratification of severity into five classes, based on the risk of
death and the need for hospitalization [32].

The neutrophil-to-lymphocyte count ratio (NLCR) is another valu-
able parameter used in clinical practice to evaluate the severity of pul-
monary infections, such as CAP [33] and COVID-19 [34], at a patient's
hospitalization. According to Hassan et al. [34], the NLCR can be rec-
ommended as a highly sensitive and specific indicator for severity pre-
diction in Covid-19 patients. In the present study, it was used as a
predictor of disease severity and treatment outcome. The higher the
NLCR value, the higher the concentration of inflammatory cytokines (IL-
2, IL-6 and IL-10) and the higher the IgG values and, consequently,
greater severity with a worse prognosis [35]. As usual, neutrophil count
increases, and lymphocyte count decreases with the advancement of any
inflammatory condition. Values of NLCR below 10 indicate a low to
moderate degree of disease severity [33].

2.4. Complete Blood Count

A complete blood count test (CBC) was performed, including an
assessment of erythrocytes counts, hemoglobin and hematocrit con-
centrations, leukocytes, and platelet counts. The test was performed by
the Syrius Medical Group Laboratory of Clinical Analyses using an
automated XS-800i model (Sysmed, Curitiba, Brazil). Pneumonia
Severity Index (PSI) and the neutrophil-to-lymphocyte count ratio
(NLCR) were assessed at the time of hospital admission to determine the
sickness severity risk of the patients. NLCR values were again assessed
after treatment to verify the response (positive or negative) to therapy.
The CBC test was conducted at the time of patient hospitalization and
repeated the day after the last LED irradiation.

2.5. Ventilometry

The ventilometry evaluation was performed by means of a ventil-
ometer Mark Wright 8 ® (AAMED - Comércio de Equipamentos - Campo
Belo - Sao Paulo, Brazil) with the placement of oral and nasal clips. The
patient was requested to inhale and exhale relaxedly, and the volume of
air that entered and left the lungs at each respiratory cycle was assessed
(mL).

2.5.1. Maximum Inspiratory Pressure

The maximum inspiratory pressure (MIP) was measured by the
manovacuometer device Spire® (Murena's Produtos para a Satide Ltda-
Me- Progresso, Juiz de Fora-MG, Brazil). During the test, the patients
remained seated with their nostrils occluded by a nasal clip, and the
individuals firmly held the mouthpiece against their lips, avoiding air
leakage. Patients were instructed to perform a maximum expiration and
then a verbal command was given for the patient to perform a maximal
inspiratory effort sustained for at least 2 s. MIP was measured, in
cmH50, during the exertion initiated from the residual volume (RV). At
least three satisfactory measurements of each pressure were taken; that
is, without air leakage through the mouth or nose and with values close
to each other, being used only the highest value.

2.5.2. Maximum Expiratory Pressure
The maximum expiratory pressure (MEP) was also measured using
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the manovacuometer Spire® (Murena's Produtos para a Satide Ltda-Me-
Progresso, Juiz de Fora-MG, Brazil). The MEP was obtained from the
total lung capacity (TLC), in which the patient is requested to engage
maximum inspiration before maximum expiratory effort, with minimum
support of 2 s, MEP was measured in cmH,0. At least three satisfactory
measurements of each pressure were performed following the same
protocol as for MIP, and only the highest value was used.

2.6. Vital Signs Monitoring

2.6.1. Respiratory Rate

The normal value in adults is 12 to 20 inspirations per minute. The
test was performed by means of a ventilometer Mark Wright 8 ®
(AAMED - Comércio de Equipamentos - Campo Belo - Sao Paulo, Brazil);
oral and nasal clips were placed on the patient, who was requested to
inhale and exhale relaxedly for 1 min.

2.6.2. Heart Rate

Heart rate (HR) is the number of times that the heart beats per
minute. At rest, the normal values for HR range from 60 to 100 bpm. An
oximeter Model SB1000® (Medical Rossmax, Taiwan) was used to assess
heart rate.

2.6.3. Blood Pressure

Blood pressure (BP) is the force with which the heart pumps blood
through the vessels. It is determined by the result of the product cardiac
output x peripheral vascular resistance. There are two pressures: the
maximal, or systolic, which is when the heart contracts, and the mini-
mum, or diastolic, which is when the heart dilates. Blood pressure was
assessed by a calibrated analog manometer of BIC® brand (Manaus,
Brazil), certificated by the Instituto Nacional de Metrologia, Qualidade e
Tecnologia (INMETRO) of Brazil, and a Littman Lightweight stetho-
scope™ (Model 2454, 3 M manufacturers, Nova Vezena — SP, Brazil).
Normal values for blood pressure are systolic <120 mmHg and diastolic
>90 mmHg.

2.6.4. Pulse Oximetry

The oxygen level measured with an oximeter is called the oxygen
saturation level (SaO3), which is the percentage of oxygen that the blood
is carrying, compared to the maximum carrying capacity. Oxyhemo-
globin saturation is measured by using the Rossmax® pulse oximetry
(Sp0y), with a normal value between 90 and 100%.

2.6.5. Body Temperature

Body temperature was evaluated for one minute by means of the g-
tech digital infrared thermometer G-Tech® (model FR1DZ1, Accumed
Produtos Medico-Hospitalares Ltda, Duque de Caxias-RJ, Brazil). The
three thermal states include euthermia, hypothermia, and
hyperthermia.

2.6.6. Pulmonary Auscultation

Evaluation of pulmonary sounds was conducted via the Littman
Lightweight stethoscope™ (Model 2454, 3 M manufacturers, Nova
Vezena - SP, Brazil), checking whether sounds are altered in frequency
and intensity. It was performed in the anterior region of the thorax
symmetrically in the following foci: two fingers below the clavicle,
medially to the sternum bone, and laterally to the last ribs.

2.7. Treatment Protocol

The cohort of 30 patients with COVID-19 was randomly divided into
two equal groups. The LED group comprised patients treated with con-
ventional therapy (medication and physiotherapy) in conjunction with
infrared LED irradiation (940 nm), and the CON (placebo) group
comprised patients that underwent conventional therapy alone.

Patients from both groups received conventional treatment
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consisting of the antibiotics Meropenem (1-2 g) or Tazocin (40 mL/min),
in conjunction with respiratory physiotherapy for bronchial hygiene
with a 15 Hz oral oscillation device (OOAF, Shaker, NCS, Sao Paulo,
Brazil). Respiratory physiotherapy of 30 min, consisting of three cycles
of 10 repetitions each, with an interval of 1 min between cycles, was
performed daily before wearing the LED vest, during the 7 days of
treatment with LED irradiation or placebo. After that time, the two
groups continued only with conventional treatment until discharged
from the hospital.

The control group undertook the same protocol as the LED group, but
they used the infrared LED vest with the LEDs turned off. Blinding was
obtained because infrared radiation is not perceived by the human eye
and patients from both groups wore the vest for the same time (15 min).

Fig. 1 depicts a flow diagram of the stages of the experimental pro-
tocol from cohort selection, distribution between the two groups,
treatment description, and evaluation tests to determine the treatment
progress.

The LED irradiation protocol is described in Pereira and coworkers'
article [17]. Briefly, the LED system consisted of a set of 300 infrared
LEDs (940 nm) with an optical power of 0.02 W each. The LEDs were
arranged in a network-like distribution, with LEDs spaced at 2 cm
(horizontal) x 4 cm (vertical) and positioned in the anterior thoracic
and abdominal regions of the body via a vest with a total area of 2088
cm?, that was coated with a transparent plastic film to allow cleaning
and sanitization. The patients were irradiated for 15 min, one session per
day, for 7 consecutive days. The LED system parameters over the vest
area were total optical power of 6 W and an average power density of
2.9 mW/cm?, corresponding to 5.4 kJ total optical energy during the
900 s of irradiation time. The vest with LEDs and the patient wearing the
vest are shown in Fig. 2.

2.8. Evaluation of the Treatment Progress

To compare the efficacies of the LED and CON therapies, two new
differential variables were defined:

ALED (variable) = parameter value in the post-treatment - value in
the pre-treatment, for the LED group.

Similarly, the ACON was defined as ACON (variable) = parameter
value in the post-treatment - value in the pre-treatment, for the CON
group.

These differential variables were used to overcome statistical bias
due to large data dispersion among patients in the baseline group.

2.9. Statistical Analysis

The normality of the data was verified by the Kolmogorov-Smirnov
normality test for both groups. A parametric two-tailed paired t-test was
used for the intra-group analysis of the data before and after treatment of
each group; whereas the inter-group statistical analysis of the differen-
tial variables ALED and ACON was conducted via the parametric two-
tailed unpaired t-test, followed by a Welch correction when appli-
cable. Prism 8.0 (GraphPad Software Inc., La Jolla, CA, USA) was used
for the intra-group and inter-group analyses, with a significance level of
a = 0.05. The number of men and women in each group and the mor-
bidities distribution in each group were compared using Fisher's exact
test and the Chi-squared test for trends (both at a = 0.05), respectively.
Data are expressed as the mean + SEM.

The Cohen's d effect size parameter was used to calculate the sta-
tistical power of the two-tailed t-test of ALED vs. ACON, when a statis-
tically significant difference was achieved. According to Sawilowsky's
classification of effect size, d(0.8) = large, d(1.2) = very large, and d
(2.0) = huge [36].

3. Results

A total of 30 patients participated in the study, equally allocated into
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Cobhort selection and allocation into groups

Assessed for eligibility (n=42)

Excluded (n=12) 1

Allocated to LED group
(n=15)

Allocated to CON group
(n=15)

Treatments
(7 daily sessions)

Infrared LED- therapy
Respiratory physiotherapy
Antibiotic-therapy

No Infrared LED-therapy
Respiratory physiotherapy
Antibiotic-therapy

Patient evaluation at hospitalization
Anamnesis form
Clinical condition evaluation: Respiratory Frequency,
Heart Rates, Systolic and Diastolic Arterial Pressure,
Pulse Oximetry, Pulmonary Auscultation,
Body Temperature

The patients’ clinical condition was assessed daily
along the seven days of treatment

Pre- and post-treatment evaluation
RT-PCR positive test
Complete blood count
Ventilometry
Maximum Inspiratory and Expiratory Pressures

No patient reported side effects from treatment,
nor was he transferred to the ICU, nor did he die

Conventional treatment for both groups after the seven days
of treatment until patients” hospital discharge
Assessment of hospitalization time

Fig. 1. Flow diagram showing the cohort distribution and the sequence of the
stages of the experimental protocol.

LED and CON groups. Table 1 shows the values of the patients' hospital
intake (mean and SEM) of BMI and age for each group, as well as the
number of men and women in each group. A comparison of the distri-
bution of the number of men and women between groups showed that
both groups were homogeneous (p = 1.000). Similarly, no significant
differences were found between the two groups regarding BMI (p =
0.70) and age (p = 0.10). Patients from both groups presented with
different associated diseases: high blood pressure (HBP), chronic kidney
disease (CKD), diabetes mellitus (DM), and heart failure (HF). Statistical
analysis shows that patients' morbidities distribution between both
groups was homogeneous (p = 0.542).

Pneumonia severity index (PSI) values were calculated for all



P.C. Pereira et al.

.

-

- N
* o
. °
hd -
. °
. -
. -
o .
e loe
L -
¢ (o
- -
o .
- .

L

L T

20N LI T s T e
u.-..-.-o..'...
..-...ooo...o
.O..OCOCOI......O.

A S | + AT TERE: "

L I R N Y

N ee

-
2. . TE LR
“0-.-.....,.,

..
Qe €€« . i

..-...
.t.oo.oo.'.o-cutnocoooc

T O Ve

..
-

Table 1
Data at the patients' hospital intake: body mass index (BMI), age, pneumonia

severity index (PSI), sex, and comorbidities.

Groups Mean SEM p
Body mass index - BMI (kg/m?)
LED 26.1 2.0 0.704*
CON 25.6 0.5
Age (years)
LED 66.9 2.3 0.096"*
CON 62.3 2.1
Pneumonia severity index (PSI)
LED 97.1 (IV) 1.5 0.003"*
CON 85.3 (1IN 3.2
Sex (M/W) Men Women p
LED 8 7 1.000""*
CON 7 8
Comorbidities (number of patients) HBP CKD DM HF PV
LED 12 1 5 0 0.542
CON 9 0 5 1

p': parametric two-tailed unpaired t-test at « =0.05 (Welch correction).

p © T parametric two-tailed unpaired t-test at o =0.05.

p™ " two-tailed Fisher's exact test at o =0.05.

p"V: Chi-Squared Test for Trend at « =0.05.

PSI classification: class III (71-90 points); class IV (91-130 points).

HBP: High Blood Pressure; CKD: Chronic Kidney Disease; DM: Diabetes Mellitus;
HF: Heart Failure.

patients at the hospital intake. Mean values depicted in Table 1 indi-
cated that the LED group presented with higher severity risk (class IV)
than the CON group (class III). PSI is a scoring system that predicts the
severity of the disease, but high PSI values do not prevent a better re-
covery of patients after treatment. In the present study, although the PSI
of the LED group is higher than in the CON group, the LED group showed
better recovery than the CON group, which reinforces the beneficial
effect of the photobiomodulation.

Further, the hospital stay time for both groups, i.e., the time elapsed
between patients' hospital intake and discharge, was measured (Mean +
SEM): LED (8 + 0.2) days and CON (11.7 + 1.4) days. That outcome
reveals the effect of the photobiomodulation on reducing the time of
hospital stay from 11.7 days to 8 days (p = 0.02).

Pulmonary auscultation, the time when adventitious noises
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Fig. 2. Photographs showing the LED-therapy pro-
tocol (Left) view of the open vest showing the array
of LEDs emitting infrared radiation. The vest was
mounting with 300 infrared LEDs (GaAlAs, 940 nm)
of 5 mm diameter, emitting with a divergence angle
of 30°, and an optical power of 0.02 W each (Model
TSAL6400, Vishay Semiconductors, Vishay Inter-
technology Ltd., Singapore). The LEDs were arranged
spaced at 2 cm (horizontal) x 4 cm (vertical), with 10
lines and 30 columns. The entire system was con-
structed in our own laboratory. The LED system pa-
rameters over the vest area were total optical power
6 W, average power density 2.9 mW/cm? SAEF
(Surface average fluence) 2.6 J/cm?, and 5.4 kJ total
optical energy during the 900 s of irradiation time.
(Right) view of the patient wearing the vest posi-
tioned in the anterior thoracic and abdominal regions
of the body, into direct contact with the skin, during
the infrared irradiation process. The vest size was 36
cm x 58 cm, covering an area of 2088 cm?,

(pulmonary snoring) improved from the date of patient hospital intake
was measured for both groups, obtaining the results (Mean + SEM): LED
(3.5 + 0.2) days, CON (5.6 + 05) days, p = 0.0006, showing a statisti-
cally significant reduction on the time of pulmonary auscultation
improvement in favor of the LED group.

The NLCR, index for the initial prognosis of the disease severity risk
of patients with respiratory disorders, was calculated obtaining the re-
sults (Mean/SEM): group LED - 13.4 (2.8) and group CON - 16.2 (3.7), p
= 0.55". To corroborate the beneficial effect of the photobiomodulation
with infrared LED, the NLCR values were re-calculated for both groups
after treatment: LED 6.3 (1.5) and CON 11.9 (1.5), p = 0.014. The results
obtained showed that the control group presented a reduction of 27% in
NLCR values while the LED group reduced it by 53%. Thus, comparative
analysis of NLCR values before and after treatment demonstrated the
beneficial effect of the photobiomodulation with infrared LED, sug-
gesting a systemic anti-inflammatory effect.

A set of different tests were carried out to conduct a thorough
analysis of the progress of both treatments, either the conventional alone
or in conjunction with the LED irradiation. These included the pulmo-
nary functions: oxygen flow intake - Oy (L/min), partial oxygen satu-
ration - SpOy (%), Tidal volume - TV (mL), Maximum Inspiratory
Pressure - MIP (cmH30), Maximal Expiratory Pressure - MEP (cmH30),
Respiratory Frequency - RF (rpm); and the cardiological functions: Heart
Rate — HR (bpm), Systolic Blood Pressure — SBP (mmHg), and Diastolic
Blood Pressure — DBP (mmHg).

Regarding the performance of respiratory muscles, the control group
showed significant improvement in MIP (p = 0.0001), but the same was
not observed in the MEP (p = 0.054). On the contrary, the LED group
presented a significant improvement in MIP (p = 0.0001) and MEP (p =
0.0001), indicating an enhancement in respiratory muscle performance
and functional capacity in patients with COVID-19.

Hematological evaluation of the treatment was performed using the
CBC test before and after treatment, assessing the following hematologic
components: Erythrocytes (x10® mm ™), Hemoglobin (mg/dL), Hemat-
ocrit (%), Leukocytes (mm’3), Segmented Neutrophils (mm’g’), Lym-
phocytes (mm_s), Monocytes (mm_s), Eosinophils (mm_3), and
Platelets (x10° mm™3). The tests were completed by the body temper-
ature assessment of the patients. The function assessments were made at
baseline (patients' hospital intake) and the day after the end of the
infrared LED irradiation or placebo.

The data of each group passed the Kolmogorov—Smirnov normality
test; hence, we used a paired two-tailed parametric t-test for the intra-
group statistical analyses of both groups. Table 2 displays the data ob-
tained from the tests applied to the two groups, before (baseline) and
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Table 2
Cardiopulmonary, Hematologic, and Body Temperature data, Mean (SEM), with intra-group statistical analysis of groups.
Group LED Group CON
Baseline Post-treatment pT Baseline Post-treatment p:I

Cardiopulmonary analysis
Oxygen Flow Intake (L/min) 3.3(0.3) 0.3(0.1) 5.4 (0.6) 1.3 (0.3) 0.0001***
Partial Oxygen Saturation (%) 86.7 (0.3) 96.1 (0.3) 89.3 (0.6) 91.9 (0.5) 0.002**
Tidal Volume -TV (mL) 320 (16) 394 (15) 0.0001 *** 297 (8) 319 (9) 0.0001 ***
Maximum Inspiratory Pressure (cmH;0) —-52.7 (2.3) -77.1 (1.8) * —48.7 (1.8) —55.7 (2.2) 0.0007 ***
Maximal Expiratory Pressure (cmH,0) 63.5 (3.6) 82.7 (2.7) 62.3 (1.8) 64.3 (2.0) 0.054
Respiratory Frequency (rpm) 18.1 (0.5) 12.9(0.2) 0.0001%%** 16.3 (0.2) 13.5(0.2) 0.0007 ***
Heart Rate (bpm) 100.4 (4.4) 80.7 (2.2) 0.0001* 82.0 (1.8) 80.1 (1.8) 0.36
Systolic Blood Pressure (mmHg) 138 (2.7) 125 (2.4) . 137 (2.2) 132 (1.3) 0.01*
Diastolic Blood Pressure (mmHg) 91.4 (1.3) 85.7 (1.2) 0.003* 87.1(1.0) 83.9 (1.6) 0.1
Hematologic analysis
Erythrocytes (x 10° mm—2) 4.10 (0.2) 4.21 (0.2) 0.64 4.65 (0.15) 4.55 (0.18) 0.3
Hemoglobin (mg/dL) 12.03 (0.5) 12.75 (0.5) 0.29 12.90 (0.47) 12.75 (0.39) 0.57
Hematocrit (%) 36.30 (1.1) 37.07 (1.5) 0.69 36.75 (2.1) 37.39 (1.1) 0.74
Leukocytes (mm~3) 10,943 (1320) 7412 (730) 0.004** 9086 (1100) 10,350 (1170) 0.091
Segmented Neutrophils (mm~3%) 8300 (206) 7300 (253) 0.004** 8390 (197) 8270 (159) 0.5
Lymphocytes (mm~3%) 950 (178) 1800 (234) 0.003*** 890 (163) 890 (126) 0.96
Monocytes (mm~>) 390 (45) 460 (40) 0.21 347 (42) 327 (45) 0.38
Eosinophils (mm~3) 66.7 (20) 70 (15) 0.86 53.3 (16) 100 (33) 0.44
Platelets (x 10° mm %) 219 (32) 301 (22) 0.67 188 (22) 199 (22) 0.14
Body Temperature
Temperature (°C) 39.1(0.1) 36 (0.1) 0.0001* 39.2(0.1) 36 (0.1) 0.0001***

p'

' intra-group statistical analysis for group LED; p* intra-group statistical analysis for group CON.

Parametric two-tailed paired t-test at the significance level of a = 0.05. P-value: * p < 0.05; ** p < 0.01; *** p < 0.001.

Reference values: Partial Oxygen Saturation (%) > 90, Maximum Inspiratory Pressure (cmH30) > —80, Maximal Expiratory Pressure (cmH30) > 60, Respiratory
Frequency (rpm) 1220, Heart Rate (bpm) 60-100, Systolic Blood Pressure (mmHg) 120-129, Diastolic Blood Pressure (mmHg) 80-89, Erythrocytes (x10°/mm®)
4.0-6.5, Hemoglobin (mg/dL) 12-16, Hematocrit (%) 36-45, Leukocytes (mm~?) 4000-10,000, Segmented neutrophils (mm~3) 2200-6600, Lymphocytes (mm~?)
800-3500, Monocytes (mm~3) 160-800, Eosinophils (mm~) 40-400, Platelets (x10%/mm®) 150-450, Body temperature (°C) 35-37.

after treatment. Table 2 includes the p-values given by the intra-group
statistical analysis of post- versus pre-treatment for each group. The
intra-group analysis showed that the LED group exhibited a statistically
significant improvement after treatment for all the cardiopulmonary
functions (p < 0.05); however, for the CON group, no significant dif-
ferences were found for heart rate and diastolic blood pressure (p >
0.05). Regarding the analysis of blood count, it was observed that the
LED group exhibited significant differences after treatment for the white
blood cell count: leukocytes, neutrophils, and lymphocytes. On the other
hand, the CON group showed no differences in blood count. It is worth
mentioning that patients belonging to the LED and CON groups did not
present, on average, with anemia, since their red cell series values were
within the normal range at the time of hospitalization.

The inter-group statistical analysis of the differential variables ALED
and ACON was conducted via the parametric two-tailed unpaired t-test,
followed by a Welch correction when it was needed. Table 3 depicts the
inter-group statistical analysis for ALED and ACON for all the studied
tests, and the corresponding p-values of significance. It can be observed
from Table 3 that treatment with LED irradiation significantly improved
the effect of conventional treatment on the cardiopulmonary functions
(p < 0.0001): SpO,, TV, MIP, and MEP, (p = 0.0009) for RF, (p = 0.0001)
for HR, and to a lesser degree the SBP function (p < 0.007). On the
contrary, the patient Oy intake was shown to be reduced more by the
conventional treatment alone than when it was in conjunction with LED
therapy, as seen in ALED versus ACON (Table 3). This can be explained
by the fact that the initial need for Oy was much greater for patients
treated with conventional therapy, as can be seen in Table 2.

As for the effect of each treatment on the hemogram, there was a
statistically significant difference between ALED versus ACON for Leu-
kocytes (p < 0.001), and Segmented Neutrophils and Lymphocytes (p <
0.01). No difference between treatments was observed for the red cell
series.

The power of the inter-group statistical analysis employing the t-test

was calculated by using Cohen's d parameter. The values of this
parameter are shown in Table 3 in cases where a statistically significant
difference was found (p < 0.05). It can be observed from Table 3 that
values of d range from 0.9 for oxygen flow intake and neutrophils up to
3.1 for partial oxygen pressure. It is worth mentioning that d > 0.9
values correspond to statistical powers >80%, i.e., type Il errors f < 20%
[371.

3.1. Outcomes Summary

Infrared LED photobiomodulation combined with conventional
therapy outcomes:

> Enhances the effect of the conventional therapy on COVID-19 pa-
tients, presenting a statistically significant improvement in the re-
covery of the vital cardiopulmonary functions: Partial Oxygen
Saturation, Tidal Volume, Maximum Inspiratory Pressure, Maximum
Expiratory Pressure, Respiratory Rate, Heart Rate and Systolic Blood
Pressure; as well as the hematological components: Leukocytes,
Segmented Neutrophils and Lymphocytes.

> Statistically significant reduction in the time of hospitalization stays
of patients.

> The time when adventitious noises improved from the date of the
patient's hospital intake is significantly reduced

> Presents an improvement in the PSI and NLCR indices when
compared to conventional therapy.

> The power of statistical analysis of the results exceeded 80%

4. Discussion
This clinical trial demonstrated the beneficial effects of photo-

biomodulation in patients with COVID-19 symptoms, corroborating
other data reported in the scientific literature on the anti-inflammatory



P.C. Pereira et al.

Table 3
Cardiopulmonary, hematologic, and body temperature outcomes, Mean (SEM),
inter-group statistical analysis between groups, and Cohen's parameter.

ALED ACON p d

Cardiopulmonary analysis

Oxygen flow intake (L/min) -3.1 (0.2) —4.1 0.025* 0.9
0.4)
Partial Oxygen Saturation (%) 9.4 (0.5) 2.6 (0.7) < 3.1
0 0.0001***
Tidal Volume (mL) 74.4 (9.0) 22.1 < 0.0001*** 2.0
3.3)
Maximum Inspiratory Pressure -24.9 -7.0 < 0.0001*** 2.8
(cmH0) 2.2) (0.8)
Maximal Expiratory Pressure 19.1 (3.0) 2.0 (0.9) < 0.0007*** 2.0
(cmH»0)
Respiratory Frequency (rpm) —-5.1(0.5) —-2.8 0.0009%** 1.4
0.4)
Heart Rate (bpm) —-19.7 -1.9 0.0001 *** 1.7
3.3) (1.5)
Systolic Blood Pressure -13.6 -5.3 0.007** 1.1
(mmHg) (2.3) (1.8)
Diastolic Blood Pressure —5.7 (1.6) -3.1 0.30™ -
(mmHg) (1.8)
Hematologic analysis
Erythrocytes (x 106 mm™>) 0.1 (0.2) -0.1 0.41" -
0.1
Hemoglobin (mg/dL) 0.7 (0.7) —0.15 0.23™ -
0.3)
Hematocrit (%) 0.8 (1.9) 0.6 (1.9) 0.96™ -
Leukocytes (mm’3) —3531 1270 0.0006*** 1.4
(1030) (710)
Segmented Neutrophils -930 -130 0.02* 0.9
(mm~?) (270) (190)
Lymphocytes (mm %) 850 (240) -10 0.004%* 1.2
(130)
Monocytes (mm™>) 70 (53) —20(23)  0.14"™ -
Eosinophils (mm~3) 3.3(18) 46.7 (39) 0.83 ™ -
Platelets (x 10> mm ) 10.4 (24) 10.4 (7) 0.99™ -
Body Temperature
Body Temperature (°C) -3.2 -3.1 0.80™ -
(0.15) (0.15)

ALED = (post-treatment — baseline) LED group; ACON = (post-treatment -
baseline) CON group.

p: inter-group statistical analysis for group LED versus group CON.

parametric two-tailed unpaired t-test at the significance level of a = 0.05.

ns: not significant p > 0.05; * p < 0.05; ** p < 0.01; *** p < 0.001.

d: Cohen parameter; sample effect sizes d (0.8) = large, d (1.2) = very large, and
d (2.0) = huge.

—— Cohen's parameter is not calculated when the difference is not statistically
significant.

effects of this technique on lung tissues in both animal and human
models [5,17,20,28-31,38,39].

In the present study, the PSI index was used to determine the initial
prognosis of the severity of risk for patients with respiratory diseases. It
was observed that patients in the LED group had a worse prognosis in
relation to the CON group, LED 97.1 vs CON 85.3 (p = 0.003); it is
noteworthy that the distribution of patients was randomly assigned.
Further, the NLCR index showed a reduction of 53% for LED against
27% for CON, after the end of the treatment, indicating the beneficial
effect of the photobiomodulation. The obtained data exhibited
improvement in the clinical condition of the group after irradiation with
infrared LED in oxygenation (p = 0.0001), inspiratory muscle strength
(p = 0.0001), tidal volume (p = 0.0001), pulse oximetry (p = 0.0001),
and respiratory rate (p = 0.0001), The total clinical recovery of patients
in the CON group on average took 11.7 days of hospitalization, while
patients treated with LED took only 8 days (p = 0.021); the mean time
for COVID-19 is usually 6-8 weeks [40]. In a study by Vetrici et al., the
average number of days hospitalized in the photomodulation group was
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7.6 days compared to 12.2 days for the control group (p = 0.292) [30];
these data corroborate those obtained in the present study.

Improvement in respiratory function was demonstrated in patients
treated with LED in relation to the control group, as evidenced by the
tests assessing ventilometry, manovacumetry, and peripheral oximetry.
In a study by Sigman et al., partial oxygen saturation increased signifi-
cantly from 94% to 100% in the first 5 min of irradiation and then
remained at the recommended levels after that period [28]. Vetrici et al.
demonstrated that patients in the control group and PBM group pre-
sented with fluctuations in their pulmonary function; however, PBM
patients did not require ICU admission or mechanical ventilation. In
addition, all PBM patients no longer required Oy support 9 days after
initiation of treatment [30].

When comparing the values obtained for MIP and MEP of both
groups (Table 3), it was verified that the LED group enhanced the per-
formance of the respiratory muscles compared to the control group (p =
0.0001). These data suggest that photomodulation preserved the main
respiratory muscle, which facilitated the ventilation/perfusion process,
promoting an improvement of the clinical and ventilatory status of pa-
tients. These important findings indicate that data obtained in the pre-
sent study corroborate de Marchi et al. [31] results, because a significant
improvement in inspiratory muscle strength (MIP) was observed.

In the study by Tomazoni et al., photomodulation therapy alone or
combined with a static magnetic field (PBMT-sF) was performed with
irradiation in the lower chest, upper abdominal cavity, and two sites in
the neck of the patients [41]. It was observed that the patients were able
to leave oxygen support during treatment, increasing peripheral oxygen
saturation, and showed an improvement in pulmonary severity scores
and radiological findings [41]. These data agree with those obtained in
the present study, showing that photobiomodulation was effective in
improving the pulmonary functional capacity of the patients.

Photobiomodulation is useful for cellular metabolism and to prolif-
erate or improve lung tissue, according to a report by Nejatifarda et al.
[26]. They observed significant decreases in pulmonary edema, the
neutrophil influx, and the generation of pro-inflammatory cytokines
such as tumor necrosis factor-o (TNF-a), interleukin 1 beta (IL-1pB),
interleukin 6 (IL-6), intracellular reaction molecule (ICAM), reactive
oxygen species (ROS), nitric oxide synthase isoform (iNOS) and
macrophage inflammatory protein 2 (MIP-2). These findings demon-
strate that photomodulation can be useful in reducing pulmonary
inflammation and promoting the regeneration of damaged tissue as well
as minimizing the sequelae of pulmonary fibrosis caused by COVID-19
[31].

A statistically significant reduction was observed in this study for the
count of leukocytes, neutrophils, and lymphocytes after therapy when
infrared LED was combined with conventional treatment (p < 0.05);
however, no significant reduction was observed in patients who received
only medication and physiotherapy (p > 0.05). In a study by Pereira
et al. [17], patients with community-acquired pneumonia (CAP) who
were treated with LED therapy showed a significant reduction in the
number of leukocytes, neutrophils, lymphocytes, and monocytes.

The eosinophils are leukocytes tissue-resident and circulating that
have potent proinflammatory effects, and antiviral and immune regu-
lation activity. Nair et al. [42] reported in their study that the eosinophil
count showed to be very variable in patients with COVID-19, with a
relatively high prevalence of eosinophilia in symptomatic COVID-19
positive patients. According to Anka et al. [43], patients with severe
COVID-19 present eosinopenia and lymphopenia. However, in the pre-
sent study, the eosinophil counts were within the reference values (40 to
400 mm~3) for both groups.

Data from this study and those reported by Pereira et al. [17] agree
with the findings of de Brito et al. [20], who verified a systemic effect of
LLLT (780 nm and 30 mW) on the reduction of inflammatory cell counts
in the blood of animals with idiopathic pulmonary fibrosis, noting that,
in relation to cytokines, LLLT reduced the release of pro-inflammatory
cytokines and increased IL-10, justifying the anti-inflammatory effect
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presented by the photobiomodulation [20].

Several studies have recommended the use of corticosteroids for the
treatment of COVID-19, and they have been included in therapeutic
protocols due to their anti-inflammatory, antifibrotic, and vasocon-
strictive effects, which reduce the systemic effects of the disease [44,45].
The WHO React Working group [46] reported that corticosteroids
reduced mortality and ventilatory support time; dexamethasone
reduced the number of deaths by approximately 36%, and hydrocorti-
sone by 31%. The action of methylprednisolone was slightly lower,
reducing mortality by 9%. The present study showed that the LED group
had reduced oxygen therapy time, decreased risk of complications, and
less lung damage, suggesting a promising clinical use for photo-
modulation using infrared LED irradiation in intensive care units and
wards. This could allow the reduction or non-use of corticosteroids,
since these drugs have adverse effects such as toxicity, in addition to
requiring vital organs such as the liver and kidneys to metabolize or
excrete drugs, which is not the case with phototherapy.

No reported side effects or complications associated with LED ther-
apy were observed during treatment, and no patients died. Due to the
severity of the disease of patients with COVID-19, the use of LED therapy
can improve clinical status and reduce the need for ICU beds and oxygen
intake and, consequently, the use of mechanical ventilators. Other po-
tential benefits of LED therapy include that the treatment is an easy,
safe, non-invasive, non-pharmacological, painless, and low-cost mo-
dality. The results of this study are promising and will stimulate further
research to evaluate the direct effect of photobiomodulation on the
pulmonary condition of patients with COVID-19. It is worth mentioning
that, in the present study, the pulmonary function of the groups was
evaluated by objective measures, which is relevant because this
approach has not been supported so far in the current literature.

Among the strengths of this study, it should be noted that it is
innovative because employed phototherapy using a vest with an array of
300 LEDs (940 nm) in complement to the conventional treatment of
COVID-19. Moreover, the photobiomodulation reduced the average
hospitalization time by four days and induced a significant improvement
in the MIP (32%) and MEP (23%) pulmonary functions, these data are
very promising and highlight the systemic effect of photobiomodulation.

The main limitation of the present study was the size of the cohort of
patients, a larger participation of patients in the study should increase
the strength of the statistical analysis. Other possible items that could be
investigated, such as filling out questionnaires by patients, monitoring
the process of pulmonary inflammation, testing different doses of LED
irradiation and wavelengths, and others, were left for future research
because the study was developed during the peak of the COVID-19
pandemic when the whole effort was to find innovative therapies for
the better recovery of the patients.

5. Conclusion

It can be concluded that photobiomodulation with infrared LED
irradiation reduces hospitalization time and eliminates the need for ICU
admission or mechanical ventilation. Photobiomodulation therapy can
be used as a complement to conventional treatment of COVID-19, pro-
moting the improvement of cardiopulmonary functions and minimiza-
tion of respiratory symptoms, suggesting that photobiomodulation
therapy could reduce or non-use of corticosteroids.
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